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Antioxidant enzyme expression was determined in rat 
pancreatic islets and RINm5F insulin-producing cells on 
the level of mRNA, protein, and enzyme activity in com¬ 
parison with 11 other rat tissues. Although superoxide 
dismutase expression was in the range of 30% of the 
liver values, the expression of the hydrogen perox¬ 
ide-inactivating enzymes catalase and glutathione per¬ 
oxidase was extremely low, in the range of 5% of the 
liver. Pancreatic islets but not RINmfSF cells expressed 
an additional phospholipid hydroperoxide glutathione 
peroxidase that exerted protective effects against lipid 
peroxidation of the plasma membrane. Regression 
analysis for mRNA and protein expression and enzyme 
activities from 12 rat tissues revealed that the mRNA 
levels determine the enzyme activities of the tissues. 
The induction of cellular stress by high glucose, high 
oxygen, and heat shock treatment did not affect antiox¬ 
idant enzyme expression in rat pancreatic islets or in 
RINmBF cells. Thus insulin-producing cells cannot 
adapt the low antioxidant enzyme activity levels to typ¬ 
ical situations of cellular stress by an upregulatlon of 
gene expression. Through stable transfection, however, 
we were able to increase catalase and glutathione per¬ 
oxidase gene expression in RINmSF cells, resulting in 
enzyme activities more than 100-fold higher than in 
nontransfected controls. Catalase-transfected RINmSF 
cells showed a 10-fold greater resistance toward hydro¬ 
gen peroxide toxicity, whereas glutathione peroxidase 
overexpression was much less effective. Tims inactiva¬ 
tion of hydrogen peroxide through catalase seems to be 
a step of critical importance for the removal of reactive 
oxygen species In insulin-producing cells. Overexpres¬ 
sion of catalase may therefore he an effective means of 
preventing the toxic action of reactive oxygen species. 
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R eactive oxygen species play an important role in 
inflammatory and autoimmune diseases, reperfu¬ 
sion injury, cancer, and diabetes mellitiis (1). The 
process through which pancreatic (3-ceils are dam¬ 
aged during autoimmune attack is a complex one drat 
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includes the effects of cytokines and nitric oxide as well os 
reactive oxygen species (2-0). Reactive oxygen species cause 
direct cellular damage by oxidizing nucleic adds, proteins, and 
membrane lipids f 10). On the other hand, it has been proposed 
(hat reactive oxygon species mediate the activation of genes 
involved both in cellular defense and cellular damage (11-14). 
The extent to which the various tissues contain antioxidative 
enzymes may be a major determinant for their individual sus¬ 
ceptibility to cytotoxic damage, lb assess the extent to winch 
pancreatic fl-cells contain antioxidant enzymes, we analyzed 
the expression and regulation of superoxide dismutase 
(SOD), catalase, and glutathione peroxidase (Gpx). When 
compared with 11 other rat tissues, pancreatic islets and 
RINmSF insulin-producing tissue culture cells demonstrated 
the weakest antioxidant enzyme defense system, particularly 
with respect to hydrogen peroxide-inactivating enzymes. We 
therefore overexpressed catalase and Gpx in RINm5F insulin- 
producing cells, thereby drastically improving cellular 
defense against reactive oxygen species. Thus the lac k of an 
efficient hydrogen peroxide-inactivating enzyme equipment 
in pancreatic ft-cells may explain the extraordinary sensitiv¬ 
ity of pancreatic p-cells to toxic damage dtrir.g development; 
of autoimmune or chemical diabetes, 

RESEARCH DESIGN AND METHODS 

Materials. Restriction enzymes, the RPC/T7 tinnscriplloil Kit, and tile DIG 
Nucleic Arid Detection Kit were obtained from Bochringcr (Mannheim, Ger¬ 
many). Ilylxmd N nylon membranes were obtained from Amorshani (Braun* 
schwelg, Germany) and Imniobilon-P PVDF membrancLS from MiBipojc (Bedford, 
MA). Ou/Zn SOD (fbom bovine liver), Gpx (frombovine erythrocytes), xanthine oxi¬ 
dase, iiUro-blur-temKoliuin (Nin'),imd]>eroxicluae-lnbekxl anti rnbbil-rgG antibody 
were from Sigma (St. Louts, MO). The enhanced chemiluminescence (NGL) detec¬ 
tion system and uutoradiogmjjl.y (Tims were Coin Amersham (Braunschweig, 
Germany), and die guanidine thiocyanate was from Fluka (Neii-tOm, Germ,.my). 
Ail other* re;tree's of nltillyticn) grade were- from Merck (Darmstadt, Genrumy). Die 
cDN As coding for nil ■ vkiptasmic Cu/Zti St..), rat mitochondria! Mil SOI I, and rat 
Gpx were fimivided by Dr. Y-S flu (Detroit, Mfl.TheoDNAcoriingforpoiv nephos- 
phnlipid tipx was provided liy Pr. R. Brigelius-Flohc (Potsdam, liermiiny). The 
f nmiim eauiln.seeDNA was obi allied from tin: American tissue Culture O lUrction 
(Rockville, MD). Antibodies against rat Cu/iiti SOD, Mn SOD, and Gpx were pro 
vided iiy Dr. 1C Asayama (Yamanashi, Japim). The antibody against bovine catalase 
was purchased from Rockland (Gilbcrtsville, PA), the monoclonal antibody 
against human I IspTO from Biotrcnd (Fremont, CA), and the antibody against rat 
liver heme oxygenase-1 from StressGon (Victoria, BC, Canada). A3! (issue culture 
equipment was from hlBCO Life Thehnotogies (Gaithersburg, MD). 

Animals and tissue, isolation. Fed male Wisfar rata (250-300 g body weight) 
weru killed by dcoapilntion. Afler Isolation, tissues were washed in ice-cold phos¬ 
phate-buffered saline and homogenixed in prccooltxi barer for isolation or RNA 
and subcullular fractions. Pancreatic Islets were isolated by acollagenase diges- 
Uou procedure using a f’ieoli gradient centrifugation for purification. Islets were 
either used inimeriialety for isolation of RNA and subcetlular fractions or trans- 
femrd to tissue culture for further studies. 

Northern idol analyses. Isolated pancreatic islets (w = 200) were homoge¬ 
nized in 200 pi jirecotiled liulTerod 4 mold guanidine Ihioeyruuitosolution. Thu otiu'r 

17 ® 


PM3006724014 


Source: https://www.industrydocuments.ucsf.edu/docs/qsvj0001 



ANTjOXIDANr DEFENSE STATljs OF. (WSOUlW-PROm/ClNG CELLS 


1 


tissues were homogenized in the same solution. 'Total RNA was isolated by a com¬ 
bined water-saturated phenol-chlorofcrm-isoamyl alcohol extraction according 
to Chomczynski and Sacchi (15), with an addition of ultrapure glycogen to 
achieve full precipitation ofislet RNA Next 5 pg total RNA per lane was subjected 
to electrophoresis on denaturing formamlde/formaldehydc 1 % agarose gels anti 
transferred to nylon membranes. The cDNAd coding for rat cytoplasmic Cu/Zn 
SOD (10), rat mitochondrial Mn SOD (17), rat Gpx (18), porcine phospholipid Gpx 
(19), rind human catalase (20) were subcloned in the pBlucscrtpt SK(+) vector 
(Stratngene, La Jolla, CA) for die generation of cRNAprobes. Hybridization was 
performed at 68“C overnight In a solution containing BO 16 deionized formamtde, 
5 X SSPE (SSPE = 180 mmol/1 sodium chloride, l nunol/l EDTA, and 10 mniol/1 
NaHJ'O,: pil 7.4), 10X Denhardt’s solution, 0.596 SDS, 100 jig/ml sonicated noti- 
homoiogous DMA from herring sperm, and 11-DlG-llTP-labeled antisense cRNA 
probes. The DlGi-labelcd hybrids were detected by an enzyme-linked immunoas¬ 
say using an anti-DTG-alkaIine-pha 3 phata.se antibody conjugate. The subsequent 
enqme-cataiyzed chemiluminescence detection wltit the substrate AMPPD [3<2'- 
splroadamantaneJJl-methoxy-dAO'-phosphonyloxylphenj'H.a-dioxtaneltlsualizcd 

the h} V rids on a light-sensitive film for quantification by densitometry with the 
Notional Institutes of Health Image 1.52 program (Bethesda, MD). Ribosomal 
bands were used as control markers for gel loading. 

Western blot analyses. Pancreatic islets and other tissues were homoge¬ 
nized in Ice-cold homogenization medium (20 mmol/1 Hopes, 210 mrnol/1 man¬ 
nitol, 70 mmoi/I sucrose; pH 7.4). The tissue homogenates were centrifuged at 
1,000s and 4°C for 10 min to pellet insoluble material. The supernatant was used 
for Western blot analyses. Protein was determined by the bieinchonic acid 
(BCA) assay (Pierce, Rockford, IL). Then 10 pg protein was fractionated by 
reducing 1096 SDS polyacrylamide gel electrophoresis and electroblotted to 
polyvinyUndone fluoride (PVDF) membranes. The membranes were stained by 
Ponceau to verify the transfer of comparable amounts of cellular protein. Non¬ 
specific binding sites of tile memt ranes were blocked by nonfat dry milk for 1 
h at 37 1> C The blots were then incubated with specific primary antibodies 
against SOD isoenzymes (21), cat: lase, Gpx (22), Hsp70, and heme oxygenaso- 
1 at a dilution of 1:6,000—1:10,000 lor 4 h at room temperature, followed by a fi¬ 
ll incubation period with peroxidase-labeled secondary antibody at a dilution 
of 1:16,000 at room temperature. The protein bands were visualized by chemi¬ 
luminescence using the EC!L detection system. 

Antioxidant enzyme activities. Organs of the rat wc "c perfused with Krebs- 
Ringer bicarbonate buffer (KRBB; pH 7.4) through a catheter that was inserted 
into file abdominal aorta to remove coufaminating biood. Tissues were homog¬ 
enized- In 50 mmol/1 potassium phosphate buffer (pH 7,8). The homogenates 
were sonicated on ice for 1 min in 16-s bursts at VO W with a Braun-Sonic 125 sonl- 
fler. Thereafter the homogenates were centrifuged at SB.000& and 4°C for 40 min, 
and the supernatant was stored at -20“C until measurement SOD activities were 
measured in a photometric assay according to Oberley and Spitz (fis) using xan¬ 
thine oxidase as a source of 0 2 * and NIVF. Hie activities of the tissues were plot¬ 
ted against a standard curve of purified SOD from bovine liter. Addition of 5 mmol/1 
NaCN to the samples specifically inhibited Cu/Zn SOD. Subtraction of SOD activ¬ 
ity after N aCN treatment from total SOD activity gave the Mn SOD activity of the 
sample. One unit of activity was defined as the amount of SOD protein that gives 
a half-maximal inhibition of NBT reduction. Catalase activity was measured by 
ultraviolet spectroscopy monitoring the decomposition of hydrogen peroxide at 
249 tun (24). One unit of catalase activity was defined as jimol or hydrogen per¬ 
oxide consumed per minute at 25°0. Gpx activity was measured in ft photomet¬ 
ric assay at 37°C using glutathione-reductase and NADPH in a coupled reaction 
(25). The decrease of NADPH absorbance was monitored at 340 nm. Activities 
were cficulated against a Gpx standard according to Cornelius et al. (26) and 
expressed as U/mg protein. 

Tissue culture of pancreatic islets and RINmSF cells. Freshly isolated pan¬ 
creatic islets from rais an-1 lHNin5F insulinoma cells were cultured in RPMI1640 
medium, supplemented with. 5.6 mm ol/l glucose, 10% (volAol) fetal calf serum, peni¬ 
cillin, £nd streptomycin In a humidified atmosphere at 37 D C and 55c CO„. All exper¬ 
iments on RINm5F cells were performed with cells between passage 56 and 70. 
RINmC F colls were plated at a density of 1 x 10 ° per90-mm plastic dish, and grown 
to conlluwicy within 3 days. In experiments on isolated pancreatic islets, batches 
of 200-300 pancreatic islets were distributed to 00-rnm plastic dishes with daily 
exchange of culture medium. Oxygen concentrations were Iceptconstant in an Incu¬ 
bator (Model 6000; Heraeus, Hanau, Germany) under control of an oxygen-sensi¬ 
tive electrode. Heat shock treatment of the cells was initiated by addition of pre¬ 
warmed 41°C RPMI1640 medium, followed by incubation at 41°C In a humidified 
incubator for 1 h. Thereafter the medium was replaced by culture medium pre- 
wermed to 37°C, and the cells were incubated at 37°C for another S5 h to allow the 
expression of stress-response proteins. After this Incubation period, the cells 
were prepared for Northern and Western blot analyses. The number of RINmSF 
cells was determined after trypslnlzatlon in ft Neubauer counting chamber. 
Overexpression of catalase and cytoplasmic Gpx In RINmSF cells. A full- 
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FIG. 1, Northern and Western blot analyses of Cu/Zn and Mn SOD 
expression in liver (L), kidney (K), and pancreatic islets (Q from rats. 
For Northern blot analysis, 5 jig totftl RNA were loaded per lane. 
mRNA levels were related to ribosomal bands and visualized in an 
cthidium bromide- « milled agarose gel. Blots were probed with anti¬ 
sense cRNAs coding for rut cytoplasmic Cu/Zn SOD (A) and rat mito¬ 
chondrial Mn SOD (i/) by nonradjoactlvc hybridization. For Western 
blot analysis, 10 jig protein from cellular homogenates were loader! per 
lane. Blots were probed with anti-rat Cu/Zn SOD (A) and anti-rat 
mitochondrial Mn SOD (//l antibodies and visualized by chemilumi¬ 
nescence. Shown are representative blots of at least four independent 
experiments. 


length rat cytoplasmic Gpx cllNA (18) and n full-length human calalasc c-DN A (fill) 
were mibdoncd into thepcDNAllexprcssionvcctorflnvitrogen, Look, Netherlands) 
by standard molecular biology techniques (27,28). lUNmfiFiiisuHnmim cells wore 
transfected with llte vector l >N A by the use of lipofcctaminc (Gfbco, Gaitlwraliut g, 
MD). Positive clones were selected tlirough resist,nice against G 418 (250 yg/ml) 
(Gibco) and verified by Northern blot analysis, Western blot analysis, and mea¬ 
surement of enzyme activily. Expression levels of boih enzymes remained stable 
for at least fi months. Because selenium is a redactor for Gpx (29); this trace elc- 
ment (10 nmol/1) was iiu-hidt-d in tin: tissue culture medium of Gpx-lnutsfoctol 
RINmSF cells. This Increased the expression ievci by a factor of >10. Addition of 
selenium to conlrol cells did not increase flat Gpx expression. 

Degradation of HjOj. After 24 hours, 4 X 1 (I ! cells were grown for 24 li in u 05- 
well dish and thereafter itieubalrel witit 100 pi 200 pmel/1 li 2 O a in KIIBI5 at 37°C 
for 00 min. After 0, 5, 10, 20,40 and GO min, 50 pi sdiiputs of the medium were 
removed and mixed wilh 50 pi iost buffer consisting of 300 nunol/l citric arid, 13(1 
mmol/l NasHPO.,, suid 0.75 jmiol/10-phenylencdismine at pi 15. The reaction was 
started by addition of 50 pi substrate solution consisting of 100 mU/ud horseradish 
peroxidase. After a 30-min incubation, (he reaction was stopped by addit ton of fill 
pi 0.6 mold Eand tire absorbance of the colored reaction product was mea¬ 
sured at 492 nm in a micropkde reader. 

Cytotoxicity teats. Catalase-transfected, Gpx-batvsfectcd, and, for comparison, 
nontranst'ected RINmSF insulin-producing cells were exposed at 37°C to hydrogen 
peroxide forg h in KRBB. Thereafter the buffer was removed and tire colts were incu¬ 
bated foranntiicr 24h in RPMI 1540 medium without hydrogen peroxide. The sen¬ 
sitivity of the cells to hydrogen peroxitle toxicity was evaluated using a mlerotitw 
plate-baseddimethyltluazoldiplienyi tcfrazoUum bromide (MIT) test (30) and lr, 11 - 
late dehydrogenase (LDIi) release into the medium (31). 

Statistical analyses. The experimental data are expressed as means t SE. Sta¬ 
tistical analyses ware performed using Students 1 test. Linear regression analy¬ 
ses were performed by the leant square metitod using the Prism analysis proguui 1 
(Graphpad, San Diego, CA). Linear associations lietwceh variables were 
expressed by the correlation coi-rticiein The P value of the null hypothesis 1 1wt 
the overall slope of the regression inters zero tins calculated by Lie Ftesl. 


RESULTS 

Expression of Antioxidant enzymes in insulin-produc¬ 
ing cells. The SOD isoenzymes were expressed in ail tissues 
on the level of the mRNA, enzyme protein, and enzyme activ¬ 
ity (Fig, 1 and Table 1). Cu/Zn SOD expression level in all tis¬ 
sues was in the range of at least 50% of that in the liver, 
whereas Mn SOD expression level was even higher in many 
tissues than in the liver (Table 1). Only in pancreatic islets 
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TABLE I 

Cu/Zn and Mn SOD gene arid protein expression and enzyme activities in various rat tissues 


mRNA Protein Enzyme activity 


Tissues 

Enzyme 

(% of liver) 

(% of liver) 

(% of liver) 

Liver 

Cu/Zn SOD 

100 ±3 

100 ± 4 

100 ±7 


Mn SOD 

100 = 2G 

100 ±0 

100 ± 12 

Kidney 

Cu/Zn SOD 

143 ±9 

91 ±4 

104 ± 10 


Mn SOD 

238 ± 33 

L44 ± 12 

105 ± 14 

Silicon 

Cu/Zn SOD 

60 ±8 

40 ±7 

43 ±5 


Mn SOD 

141 ± 15 

50 ±0 

25 ±3 

Lung 

Cu/Zn SOD 

67 * 5 

60 ±7 

49 ± 3 


Mn SOD 

135 ±7 

84 ±4 

23 ±4 

Skeletal muscle 

Cu/Zn SOD 

52 = 15 

59 ±9 

42 ±5 


Mn SOD 

167 ±22 

80 ±5 

50 ± 0 

Adipose tissue 

Ott/Zn SOD 

60 ±4 

30 ±9 

49 ±5 


Mu SOU 

207 ± 30 

50 ±9 

84 - 14 

Brain 

Cu/Zn SOD 

73 ±0 

64 ± 5 

37 = 4 


Mil SOD 

191 ± 26 

135 ± 7 

47 ::7 

Heart muscle 

Cu/Zn ROD 

80 ± 12 

66 ±7 

74 = 7 


Mn SOU 

275 ± 43 

100 ± 17 

157 = 21 

Intestine 

Cu/Zn SOD 

51 ±5 

40 ±4 

40 = 4 


Mn SOD 

282 ± 33 

74 ± 12 

93 = 9 

Adrenal gland 

Cu/Zn SOD 

72 ± 10 

43 ± 5 

69 = 12 


Mn SOD 

141 ±57 

224 ± 21 

275 ± 30 

Pituitary gland 

Cu/Zn,SOD 

58 ± 9 

50 ± 6 

141 = 7 


Mn SOD 

239 * 33 

104 ± 13 

148 ± 8 

Pancreatic Islets 

Cu/Zn SOD 

23 ±5 

22 ±5 

31 ±3 


Mn SOD 

55 ±0 

38 ±5 

25 * 2 

RLNniSF ceils 

Cu/Zn SOD 

41 ±8 

57 ±2 

49 ±2 


Mn SOD 

47 ±7 

58 ±9 

60 ±5 


Data ;ire means ± SE. KNA (5 pg) from each tissue was hybridized with antisense cRNA probes coding for rat cytoplasmic Cu/Zn SOD 
and rat. mitochondrial Mn SOD. Protein [JO ng) from each tissue homogenate was subjected to Western blot analyses using mitibod- 
irs against rat Cu/Zn and rat Mn SOD. Enzyme activities were determined in 3C,C00*g supernatants from sonicated tissue homogenates, 
One hundred percent enzyme activity in liver corresponds to 511 ± 37 IT/mg protein for Cu/Zn SOD and 186 ± 23 U/mg protein for Mn 
SOD. The number of experiments was four to seven for each mean value. 


were the levels of SOD isoenzyme expression well below 
50% of those in liver (Fig. 1 and 'fable 1). In RINmSF insuli¬ 
noma ceiis, the SOD isoenzyme expression levels were 
higher titan in pancreatic islets (Table 1). 

The expression of the hydrogen peroxide-inactivating 
enzymes catalase and cytoplasmic Gpx was highest lit liver 
and kidney; lower in spleen, lung, adipose tissue, heart mus¬ 
cle and adrenal gland; and particularly low in skeletal mus¬ 
cle, brain, intestine, and pituitary gland (Fig. 2 and Table 2). 
The lowest expression levels, mostly less than 10% of those 
in the liver, were detected in pancreatic islets and RINmfiF 
insulinoma cells (Table 2). 

Membrane-bound phospholipid Gpx was expressed on the 
mRNA level in all tissues, with the exception of the pituitary 
gland (Table 3). Membrane-bound Gpx was not expressed in 
RINmGF insulinoma ceils, indicating that the low level of 
expression of this enzyme in pancreatic islets may be 
accounted for by islet cell types other than the pancreatic (3- 
cells. This may also explain the presence of Gpx enzyme activ¬ 
ity in homogenates despite the absence of cytoplasmic Gpx 
mRNA and protein expression in pancreatic islets (Table 2). 

The correlation between mRNA and protein levels as well 
as between protein levels and enzyme activities of the antiox¬ 
idant enzymes revealed a significant association for Cu/Zn 
SOD, catalase, and Gpx, with correlation coefficients In the 
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Fid. 2. Northern and Western blot analyses of catalase and cytoplas¬ 
mic Gpx expression in liver (L), kidney (K), and pancreatic islets /I) 
from rats. For Northern biot analyst!, 5 pg total ENA were loaded per 
lane. ntii.VA levels were related to ribosomal bands and visualized in 
an etlildiuin bromide-stainnd agarose gel. Blots were probed with 
antisense cRNAs coding for human catalase (A) and rat cytoplasmic 
Gpx (ft) by non radioactive hybridization. For Western blot analysis, 
14 VP protein from cellular homogenates were loaded per laze. Blots 
were probed with anti-bovine catalase (A) and anti-rat cytoplasmic 
Gpx (B) antibodies and visualized by chemiluminescence. Shown are 
representative blots of at least four Independent experiments. 
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TABLE 2 

Catalase and cytoplasmic Gpx gene and protein expression and enzyme ac'ivittes in various rat tissues 


Tissues 

Enzyme 

mRNA 
(% of liver) 

Protein 

(% of liver) 

Enzyme activity 
(% of liver) 

Liver 

Catalase 

100 ±8 

100±0 

100 ±9 


Gpx 

100 ±3 

100 ± 0 

lOO ± 8 

Kidney 

Catalase 

100 ± 10 

88 ±4 

64 ±9 


Gpx 

116 ±28 

79 ± 7 

118 ±7 

Spleen 

Catalase 

55 ±6 

45 ±4 

19 ±2 


Gpx 

91 ± 16 

05 ±6 

03 ± 11 

Lung 

Catalase 

37 ±4 

35 ±4 

13 ±2 


Gpx 

60 ± '! 

Gl ±2 

67 ± 6 

Skeletal muscle 

Catalase 

43 ±8 

13 ±6 

4 ± 1 


Gpx 

09 ±23 

17 ±3 

31 ±7 

Adipose tissue 

Catalase 

84 ±7 

52 ± 16 

32 ± 5 


Gpx 

49 ± 10 

23 ±9 

67 ±7 

Brain 

Catalase 

40 ± 9 

10 ±2 

3 ± 0 


Gpx 

15*0 

7 ± 3 

11 ±8 

Heart muscle 

Catalase 

01 ± 11 

22 ±3 

13 ± 1 


Gpx 

122 ± 36 

04 ± 7 

115 ± 10 

Intestine 

Catalase 

22 ±2 

20 ± 5 

12 ±4 


Gpx 

20 ±8 

26 ±2 

29 ±4 

Adrenal gland 

Catalase 

56 ± 7 

32 ±4 

10 ±3 


Gpx 

112 ±28 

68 ±4 

44 ± 7 

Pituitary gland 

Catalase 

7 ± 2 

10 ± 1 

5 ± 1 


Gpx 

32 ±6 

13 ±7 

51 ±4 

Pancreatic islets 

Catalase 

ND 

ND 

i ± 0 


Gpx 

ND 

Nil 

21 ± 1 

KINm5F cells 

Catalase 

13 ±2 

10 ± i 

2 ± 0 


Gpx 

ND 

ND 

0± 1 


Data at e means ± SE. RNA (5 pg) from each tissue was hybridized with antisense cliNA probes coding for rat catalase and Gpx. Pro¬ 
tein (10 jig) from each tissue homogenate was subjected to Western blot analyses using antibodies against bovine catalase and rai 
cytoplasmic Gpx. Enzyme activities were determined in 35,000-g supernatants from sonicated tissue homogenates. One hundred per¬ 
cent enzyme activity in liver corresponds to 324 ± 30 U/mg protein for catalase and 0.76 ± 0.06 U/mg protein for Gpx. The number 
of experiments was four to seven for each mean value, ND, not detectable. 


0.8-0,9 range (Table 4). Only the association between Mn 
SOD mRNA and protein levels was weaker, with a correlation 
coefficient of 0.72, probably because of differences in the con¬ 
tent of mitochondria in the examined tissues. Thus the level 
of gene expression of the antioxidant enzymes seems to 
determine the enzyme activity level in the various tissues. 
Effects of cellular stress on antioxidant enzyme 
expression in pancreatic islets from rats 
High glucose concentrations. Pancreatic islets can metab¬ 
olize gl icose at millimolar concentrations and use this enzy¬ 
matic equipment, to generate the signal for gtucose-induced 
insulin secretion in its metabolism. The increase of oxidative 
metabolism is accompanied by the generation of free radicals 
that may induce antioxidant enzymes through a. stress 
resporuse mechanism. The increase of heme oxygenase-1 pro¬ 
tein expression at 30 mmol/1 glucose indicates that an increase 
in the glucose concentration may indeed initiate a stress 
response in pancreatic islets (Fig. 3). Nevertheless, incuba¬ 
tion of isolated rat pancreatic islets with 30 nunol/1 glucose for 
48 h in tissue culture medium did not induce Cu/Zn and Mn SOD 
expression on either the level of mRNA or the protein or on the 
level of enzyme activities (Fig. 3 and Table 5). Catalase and Gpx 
mRNA and protein levels also remained below the detection 
limit after incubation of the islets with 30 mmol/1 glucose (data 
nofshown), Further, catalase and Gpx enzyme activities were 
not significantly increased by incubation with 30 mmol/l glucose 
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(Table 5). RINmSF insulinoma cells, which, at. variance with 
normal pancreatic (J-cells, are not equipped enzymatically to 
increase glucose catabolism at glucose concentrations above 
3 mmol/l, also di.d hot react to 30 mmol/l glucose with changes 
of gene expression and enzyme activities of these antioxidant 
enzymes (data not shown). 

High oxygen concentrations. A high oxygen coneentralioi i 
induces cellular stress through generation of reactive oxygen 
species. This was evident in the present experimental proto¬ 
col from an increase of heme oxygenase-1 as a sensitive 
marker for the induction of cellular stress (Fig. 4). Incubation 
of isolated rat pancreatic islets in the presence of 70% O z for 
48 h induced a marginally significant increase of Cu/Zn SOD 
mRNA expression, while the increase of protein expression 
was not significant (Fig. 4 and Thble 6). Mn SOD mRNA and 
protein expression were not. significantly increased in tile 
presence of 70% O., (Fig. 4 and Table 6). In ELNm5F insulinoma 
cells, the effects of a high oxygen concentration were even 
less pronounced (Table 6). Catalase and Gpx mRNA and pro¬ 
tein expression in pancreatic islets as well as in RINmiiF 
cells remained below the detection limit in Northern and 
Western blot analyses after a 1-h incubation in the presence 
of 70% 0 2 (data not shown). Likewise, activity levels of both 
enzymes did not significantly increase in pancreatic islets or 
in RINm5F insulinoma cells (Table G). 

Heat shock treatment. A heat shock response was initiated 
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TABLE 3 

Phospholipid hydroperoxide Gpx gene expression in various rat 
tissues 


Tissues mRNA (% of liver) 


TABLE 4 

Linear regression analyses of the relationship among antioxi¬ 
dant enzyme gene and protein expression and enzyme activity 


Cu/Zn SOD Mn SOD Catalase Gpx 


Liver 100 

Kidney 140 ± 5 

Spleen 49 ± 9 

Lung 102 ±12 

Skeletal muscle 138 ± 18 

Adipose tissue 94 ± 6 

Brain 131 ± 6 

Heart muscle 127 ± 13 

Intestine 30 ± 10 

Adrenal gland 114 ± 20 

Pituitary gland ND 

Pancreatic islets li) ± 5 

RINm5F cells ND 


Data are means ± SE from four Independent experiments. RNA 
(5 pg) from each tissue was hybridized with antisense cRNA 
probes coding for phospholipid hydroperoxide Gpx. ND, not 
detectable. 


mRNA—enzyme protein 0.81* 0.58:!: 0.92* 0.91* 

Protein-enzyme activity 0.79L 0.82* 0.95* 0.80* 


The linear association between the variables is expressed by 
the correlation coefficient, r. The mean values of antioxidant 
enzyme gene expression, enzyme protein expression, and 
enzyme activities (all in percent of liver) from all tissues listed 
in Tables 1 and 2 were correlated between the variables 
mRNA/enxyme protein and enzyme protein/enzyme activity. In the 
case of the correlation between the variables mRNA/enzyme 
protein, the tissue adrenal gland proved to be an outlier with 
respect to the 95% Cl so that, this value was excluded from the 
calculation of the r value. Linear regression analyses were per¬ 
formed by the least square method. The P value of the null 
hypothesis that the overall slope of the regression line is zero was 
calculated from an F test. *'P < 0.001; tP < 0.002; %P < O.OG. 


through exposure of isolated rat pancreatic islets and 
RINniSFinsulinoma cells to 41 °C for 1 h. To allow expression 
of stress-response genes, the cells were incubated thereafter 
for another 6 h at 37°C. Under control condit ions at 37°C 


A Cu/Zn SOD B Mn SOD 



mRNA 


Protein 




Heme 

Oxygenase-1 



3 30 

mM Glucose 



m 9 

•**&» 



3 30 

mM Glucose 


FIG. 3. Effects of a high glucose con cent ratio it (30 imitol/1) on SOD 
gene anil protein expression in cultured rut pancreatic islets. Isolated 
rat pancreatic islets were incubated nt 3 or 30 inmol/1 glucose for 48 
h. The 5 pg total RNA were analyzed by Northern bint hybridization 
using DIG-tJTP-labelcd cRNA probes coding for rat cytoplasmic 
Cu/Zn SOD (A) and rat mitochondrial Mu SOD (B). The 10 pg cellu¬ 
lar protein were analyzed by lminunoblor.ting using specific antibod¬ 
ies against rat Cn/Zn SOD (A) and rat Mit SOD CIS), Induction of cel¬ 
lular stress was verified by immunoblottfng of heme oxygenase-1 
protein. Shown are representative blots of at least four independent 
experiments. 


Hsp70, protein expression was barely detectable in pancre¬ 
atic islets and RINmSF cells. Heat, shock treatment induced 
Hsp70 protein expression, but did not significantly affect 
Cu/Zn or Mn SOD expression {Fig. 5 and Table 7) or, indeed, 
catalase or Gpx expression (data not shown). 
Overexpression of catalase anti Gpx in RINmSF cells. 
Because both catalase and cytoplasmic Gpx expression were 
barely detectable in pancreatic p-cells and BINiuoF insuli¬ 
noma cells, and because higher expression could not be 
achieved through high glucose concentrations, high oxygen 


TABLE 5 

E[feels of a high glucose concentration (80 iunioi/1) on antioxi¬ 
dant enzyme expression in rat pancreatic islets 

u-glucose (mmol/1) 

3 30 


Cu/Zn SOD 

mRNA 

100 ±11 (8) 

89 ± 8 (9) 

Protein 

100 (7) 

107 ± 9 (7) 

Activity 

100 ± 8 (5) 

113 ±5 (5) 

Mn SOD 

mRNA 

lOt ±8(7) 

107 ± 9 (7) 

Protein 

100 (7)'* 

133 ± 9 (7)* 

Activity 

109 ± 7 (!>) 

125 ± 14 (5) 

Catalase 

Activity 

10('± 10(4) 

120 ± 8 (4) 

Gpx 

Activity 

100 ± 18 (5) 

127 ± 14 (5) 


Data are means ± BE (number of experiments), Rat pancreatic 
islets were incubated at-3 or 30 mxnol/1 glucose for 48 h. Gene 
expression was quantified by Northern blot hybridization, and 
protein expression was quantified by Western blot analyses 
using specific antibodies against rat Cu/Zn SOD and rat Mn SOD. 
Enzyme activities were measured by spectrophotometric assays. 
*P < 0.05 for 3 imnol/1 vs. 30 mmol/I glucose. 
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'ANTIOXIDANT DEFENSE STATUS OF IKSUUN-PROCU&NG CELLS 
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TIG. 4. Effects of high oxygen concentrations (70%) on SOD gene anil 
protein expression in cultured pancreatic islets (rain rats, isolated rat 
pancreatic Islets were iacnbatp 4 at 21 or 70% O s in RPMI 1640 
medium containing F».5 mmol/1 glucose for 4U h. The 5 jig total RVA 
were analysed by Northern blot hybridization using DIG-BTl’-tiibeled 
eRNA probes coding for rat cytoplasmic Cu/Zn SOD (A) and rat mito¬ 
chondrial Mn SOD (/?). The 10 jig celhilar protein irere analysed by 
imnumoMntting using specific an .ibodics against rat Cu/Zn SOD (A) 
and rat Mn SOD f11). Induction of cellular stress was verified by 
immunoblottingoflieiue oxygetiane-1 protein. Shawn are representa¬ 
tive blots of at least four independent experiments. 


conrenlrations, or heat. shock treatment, atfontpls wore made 
to overexpress both enzymes in RINniBP tissue culture rolls. 
Through molecular biology techniques, we achieved a stable 
overexpression of both genes in RINmSF insulin-producing 
tumor cells (Fig. 6). We isolated three clones (Cat,_. s ) trans¬ 
fected with human calaiase cDNA anti three clones (Gpx,.,,) 
transfected with ml Gpx cDNA with mRNA levels and 
enzyme protein levels higher t han in rat liver (Fig. 6 ). r nio dif¬ 
ferent transcript lengths of the mRNAs of the iransfected 
clones arc attributable to different, polyadonylation activities 
of die bovine growth hormone gene at the 3' end of the sub- 
cloned cDNA. As e,xpectcd from the regression analysis of 
antioxidant enzyme expression, the clones wilii the highest 
mRNA expression also showed the highest protein expression 
and the highest enzyme activities. The enzyme activities were 
more than a KHJ-fold higher than in nontransfected control 
cells, and were also higher than in rat liver, which served as 
the reference tissue. Transfect ion did not affect insulin con¬ 
tent, nor did it modify basal and KCl-indueed insulin release 
of these RINm5F cells (data not shown). 

Control RINmSF cells inactivated H 2 0 2 (300 pmol/1) with a 
half-life of 13.5 ± 4.8 min (n - 4) (Fig 7). The capacity for H 2 () 2 
inactivation was, however, significantly improved in cata¬ 
lase-transfected IiINmfiF cells with a half-life of 8.3 ± 2.0 min 
(re = 4) (P < 0.05), whereas the capacity of Gpx-t ransfected 
RINm5F cells was in the range of that of control cells, with 
a half-life of 243 ± 0.6 min (re = 4) (Fig. 7). 

When compared wilh nontransfected control RlNmftF 
cells, ovevexpressiem of catalase in RlNmSF cells induced a 
significant increase in resistance toward I-LO,, toxicity in both 
the MTT and LDIJ release assays (Figs. 8 and 3). Overex¬ 
pression. of Gpx in RlNmSF cells provided a small but sig¬ 
nificant protection against 1L0 2 toxicity, whereas ovurex- 
pression of catalase resulted in a drastic improvement erf 
cellular defense. In the M'lT test., the EC M for FLO,, increased 
from 46 ± 1 jimoi/1 (re -- 6) to 71 ± 3 j.tmol/1 (n = 6) (P < 0.05 


TABLE 6 

Effects of a high oxygen concentration (70%) on antioxidant enzyme expression in cultured rat pancreatic Islets and RlNmfiE 
insulinoma cells 


Expression (% of values at 21% CL) 

Pancreatic islets RINmSF insulinoma cells 



21 % O z 

70% Oj, 

21% O a 

70% 0 2 

Cu/Zn SO D 

mRNA 

100(4) 

141 ± 11 (4)* 

100(5) 

98 ± fi (5) 

Protein 

100(4) 

131 ± 10 (4) 

100 ± 5 (4) 

61 ± 12(4) 

Activit) 

100±8f5) 

101 ±10 (5) 

100 ±8 (6) 

125 ±0(5) 

Mn SOD 

mRNA 

100(4) 

139 ± 18 (4) 

100(7) 

112 ± 14(7) 

Protein 

100 (4) 

81 ± 10(4) 

100 ±5 (4) 

117 ±7 (4) 

Activity 

100 ±27 (5) 

108 ± 23 (5) 

100 ± 12 (4) 

08 ± 14(4) 

Catalase 

Activity 

100 ±20 (5) 

120 ±40 (5) 

100 ±7 (4) 

129 ± 13 (8) 

Gpx 

Activity 

100 ±40 (5) 

120 ± 22 (5) 

i00± 14 (4) 

122 ± 13 (5) 


Data are means ± SE (number of experiments). Rat pancreatic islets and RlNmSF cells were cultured in RPMI1640 medium containing 5.6 mmol/1 
glucose at either 21 or 70% Oj for a period or48 h. Gene expression was quantified by Northern blot, hybridization, and protein expression was 
quantified by Western blot analyses using specific antibodies against rat Cu/Zn SOD and rat Mn SOD. Enzyme activities were measured by spee- 
trophotometrlc assays. *P < 0.05 21 vs. 7096 U 2 . 
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FtG. 5. Effects of heat, shock treatment (41 C C) on SOD gene and pro¬ 
tein expression in cultured pancreatic inlets from rats. Isolated rat 
islets were cultured In RPM11640 medium containing 5.5 mmol/1 glucose. 
RINihSF cells were seeded at a density of 1 x I O' 1 ccIls/O-cm dish attd 
grown to confluency. Pancreatic islets and RINm5F cells were Incu¬ 
bated at either 37 or 41*C for 1 h. Thereafter the cells were incubated 
for another 6 li at 37“ C to allow expression of stresB-respohao genes. 
The 5 pg total RN A were analyzed by Northern blot hybridization using 
£)IG-UTP-Iabeled oRNA probes coding Tor rat cytoplasmic Cu/Zn SOD 
(A) and rat mitochondrial Mn SOD (B)« The 10 pg cellular protein 
were analyzed by isumun oh lotting using upeciflc antibodies against rat 
Cu/Zn SOD (A) and rat Mn SOD (JJ)» For control of the stress response, 
Hsp70 protein expression was verified by Immnnoblot aiiatyajs by a spe¬ 
cific anti Hsp70 antibody. Shown are representative biota of at least four 
independent experiments! 


compared witli nontransfected controls) for Gpx-transfeeted 
cells and to 592 ± 37 jimol/1 (n 4= 6) (P < 0.01 compared with 
nontransfected controls) for catalase-transfected cells, in 
the LDH release test, the EC rfl of ILXl, toxicity was 95 ± 19 
pmol/i (n = 4) for nontransfected control cells and 96 ± 7 
pmol/l (n - 4) for Gpx-transfected cells. Even at the highest 
concentration of 200 pmol/1 H 2 0 2 , catalase-transfected cells 
showed only a small LDII release in the range of 5% of the total 
LDH content (Fig. 9). Calculation of an EC M for H a O a toxicity 
in catalase-transfected cells was not possible because higher 
concentrations of H a O a destroyed the LDH enzyme activity 
(data not. shown). Such an EC rj0 value would be well in the mil- 
limolar concentration range. 

DISCUSSION 

The present analysis of antioxidant enzyme expression in 12 
different rat ti ssues showed hat pancreatic islets and 
RINm5F insulin-producing tissue culture cells expressed 
SOD isoenzymes. The levels of the hydrogen peroxide-inac¬ 
tivating enzymes catalase and Gpx were, however, particularly 
low. This supports contentions rom earlier studies (32-34) 
that indicated a low level of cytoprotective enzyme expres¬ 
sion in pancreatic (3-cells. Both enzymes were in a range 
approaching the lowest detection limit on the level of rnRNA, 
enzyme protein, and enzyme ac tivity, and thus were lower 
than in any other rat tissue studied. 

Recent studies on isolated human pancreatic islets have 
indicated that these islets may be less susceptible to cytotoxic 
damage than rat islets (35). The authors detected up to 
twofold higher catalase activities in human than in rat islets, 
and interpreted this as an explanation for the lower suscep¬ 
tibility toward the toxic actions of streptozotocin and ? Iloxan 
(36). However, doubling of the catalase enzyme activity in 3- 
cells from I to 2% of the value in liver did not result in a 
hydrogen peroxide-inactivating capacity comparable with 
that found In other tissues (35,37). Other factors, such as the 


TABLE 7 

Effects of heat shocH treatment on antioxidant enzyme expression in cultured pancreatic islets and RINm5F insulinoma cells 

Expression (% of values at 37®C) 

Pancreatic islets _ RINmSF insulinoma cells__ _ 



37°C 

41®C 

37“C 

41°C 

Ctv'Zn SOD 
mRNA 

100 (4) 

97 ± 13 (4) 

100 (10) 

129 ± 9 (8) 

Protein 

100 (9) 

98 ±3(8) 

100(12) 

101 ±11 (4) 

Activity 

100 ± 15 (5) 

100 ± 17(5) 

100 ±9 (7) 

105 ± 9 (7) 

Mn SOD 

mRNA 

100 (G) 

03 ±6 (6) 

100 (12) 

36 ± 8 112) 

Protein 

100(7) 

99 ± 8 (7) 

100 (9) 

91 ± 11 (8) 

Activity 

100 ± 19 (5) 

111 ±13 (5) 

100 ± 9 (6) 

88 ± 12 (5) 

Catalase 

Activity 

100 ± 14 (5) 

140 ± 29 (5) 

100 ± 8 (5) 

117 ± 13 (4) 

Gpx 

Activity 

100 ± 20 (4) 

110 ± 18(4) 

100 ± 14 (4) 

108 ± 12 (5) 


Values are presented as means ± SE (number of experiments). Rat pancreatic islets and RLNmRF cells were cultured in RPMI1040 
medium containing 5,5 mmol/1 glucose at either 37 or 41 “C for 1 h. Then the cells were incubated for further 6 h at 37 a C to allow 
the expression of stress response genes. Gene expression was quantified by Northc-rn blot hybridization, and protein expressii >n was 
quantified by Western blot, analyses using specific antibodies against rat Ou/Xn SOD and rat Mn SOD. Enzyme activities were mea¬ 
sured by spectrophotometric assays. 
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PIG. 7. Effects of stable overexjiressloa of cytoplasmic glutathione per¬ 
oxidase and catalaso in RlNni5F insulinoma cells oh II x 0 2 degradation. 
A, nontransfected control cells; M, Gpx-transferted cells; • , rata- 
lasc-lronsfecied cells. Cells were exposed to 200 pmol/l for a period 
of 00 rain at 37‘C in KRBB. Aliquots of the medium were removed at 
time points 0, 5,10,20, 40, and 00 min for determination of n,O s con- 
eentrations In a colorimetric assay. Data are given as means ± SK 
fVom four individual experiments and are expressed as a. percentage 
of the concentration at 0 min. 


ri- C ,1 2 3, 

Gpx 

PIG. fi. Stable overexpression of (A ) catalase and (IT) cytoplasmic Gpx 
in III NuiOt insulinunia cells. rL a rat liver; iiL * human liver; C a non- 
transfocted controls; 1-3 = G4i8 resistant clones. RINm5F cells were 
transfected with the human catalase cDNA and rat cytoplasmic Gpx 
rDNA. Positive clones Cnt._., and Gpx,^ were selected through resis¬ 
tance against G 418, and characterized for mRNA and protein expres¬ 
sion as well as for catalytic activity. The catalase enzyme activities 
were for clone Cat,, 504 ±18 U/mg protein (n a 4); for clone Catj, 365 
t 9 IVnig protein (n - 4); and for clone Cats, 536 x 5 U/mg protein (n 
c 3), with control 6 1 1, Wing protein (it = 4), and liver, 324 ±80 Wing 
iiroteir (n = 0). The glutathione peroxidase enzyme actiiilieg were for 
done Gpx, , 4.35 a 0.1 tT/mg protein (n = 4);for clone Gpx : , 0,77 ± 0,1 
i'/mg protein (re n i); and for clone Sp.\ s , 3.G6 4 0.2 U/mg protein (re 
= 4), with control, 0,04 :t 0.01 Wing protein (re = 4), and liver, 0,76 ± 
i.OG 1 i/wg protein {n = 6). 

higher expression Level of protective Hsp70 (35) or Hie low 
abundance of GLUT2 in human 3-cells, which is apparently 
used by I liese cytotordc agents to reach intracellular space, 
J'iav provide a better explanation for the lower susceptibility 
to streplozotocin and alloxan (38,39). 

Parallel measurements of antioxidant enzyme mRNA and 
protein expression mid enzyme activity in I he present study 
enabled us to perform correlation analyses (Table 4) that 
strongly suggested that the antioxidant enzyme activities of 
the (issuer- are primarily determined by the level of mRNA. To 
elucidate the adaptive ability of antioxidant enzyme expres¬ 
sion, we exposed pancreatic islets or RINmSF cells to con¬ 
ditions known to induce antioxidant enzymes significantly in 
other cellular systems. 

High glucose concentrations have been reported to produce 
cellular stress in vascular endothelial cells and to increase 


SOD expression (40). Our data provided evidence that 30 
mmol/1 glucose also induces cellular stress in rat pancreatic 
islets, as indicated by a rise of heme oxygcnase-1 protein 
expression in Western blot analyses, which serves as a sen¬ 
sitive marker of cellular stress (41,42). However, expression 
of SOD, catalase, and Gpx remained unaffected on the level 
of mRNA, protein, and enzyme activity High oxygen con¬ 
centrations that induced a marked increase of Mn SOD 
mRNA expression in alveolar celts from rats (43) did not 
induce this enzyme in rat pancreatic islets and RINm5F cells. 
Furthermore, heat shock treatment, a well-known inducer of 
cellular stress in insulin-producing cells (35), failed to 
enhance the eirpression of antioxidant enzymes in rat pan¬ 
creatic islets and RINm5F cells. In conclusion, from our 
experiments on pancreatic, p-cells as well as on RINniGF 
cells, various types of cellular stress, although verified by 
the induction of the stress marker proteins heme oxygenase- 
1 (41,42) and Hsp70 (35,44), did not induce any antioxidant 
enzyme on the level of mRNA, protein, or enzyme activity. 
Thus, unlike other tissues, insulin-producing cells apparently 
cannot adapt their level of antioxidant enzyme expression in 
response to these typical situations of cellular stress. 

There are no reports in the literature on the ability of other 
stress inducens and toxic compounds to raise catalase or 
Gpx expression in insulin-producing cells to a significant 
extent. Only Mn SOD has been reported to show an increase 
in response to interleukin-ip (45,46). However, the abun¬ 
dance of the SOD isoenzymes, is not particularly low in 
insulin-producing cells compared with other tissues (Tabic 1). 
Therefore we focused on the antioxidant enzymes with a 
low abundance in insulin-producing cells. Tire hydrogen per¬ 
oxide-inactivating enzymes catalase and Gpx were overex- 
pressed in RINmSF cells through stable transfection, .yielding 
enzyme expression levels even higher than those in the liver. 
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H 2 O 2 (fiM) 


FIG, Effects of stable overexpress ion of cytoplasmic glatathione per¬ 
oxidase and catalase in RJNmCF insulinoma. cells on resistance 
against bi the MTT assay. A, non transfee ted control cells; ■, Gpx- 
transfected ceils; •, catalase-transfected cells. Ceils were exposed to 
serial concentrations or H 2 O t for 2 h at 37*C in KRBB. Thereafter the 
cells were incubated for 24 h with RPMI ld40 medium. Viability was 
measured by the MTT assay and expressed in percentage of untreated 
controls. Data are given as means * SR from six individual experi¬ 
ments. 


We subsequently assessed the role of these enzymes in pro¬ 
tecting insulimproducing cells against hydrogen peroxide 
toxicity. Compared with control cells, a significant but small 
decrease of hydrogen peroxide toxicity was observed in the 
case of the Gpx-transfected RINm5F cells. Catalase overex¬ 
pression, however, dramatically increased the resistance to 
hydrogen peroxide toxicity, as documented by an increase of 
the ECjfl values more than 10-fold in the MIT test and the LDH 
release test. Thus inactivation of hydrogen peroxide seems to 
be a critical step in the removal of reactive oxygen species in 
insulin producing cells. 

In insulin-producing cells, the ratio of SOD enzymes to 
hydrogen peroxide inactivating enzymes is higher than in 
other tissues. This imbalance favors the accumulation of 
hydrogen peroxide. Hydrogen peroxide is a weak oxidant 
compared with the superoxide and hydroxyl radical. However, 
highly toxic hydroxyl radicals are formed from hydrogen 
peroxide by the Fenton reaction catalyzed by metals (10). 
Thus an induction of Mn SOD expression as reported for 
interleukin-1 in RINm5F insulin-producing tumor cells (45) 
and rat pancreatic [1-cells (46) would not result In an 
improvement of the cellular defense status during autoim¬ 
mune attack. Previous studies on Cu/Zn SOD-transfected 
and catalase-transfected mouse epidermal cells showed that 
SOD-overexpressing cells were hypersensitive to superoxide 
and hydrogen peroxide toxicity, whereas cataiase-overex- 
pressirtg cells were protected (47). These results imply that 
the ratio of SOD to catalase Is more important for overall sen¬ 
sitivity than the level of SOD expression alone (47). 

Another important aspect of hydrogen peroxide generation 
is its supposed role in signal transduction of cytokines acti¬ 
vating transcriptional factors such as NF-kB (12,14). The 
importance of hydrogen peroxide in initiating signal cas¬ 
cades of p-cell destruction and protection is still controver¬ 
sial, and its precise role in activating genes controlling 3-cell 
defense or destruction, and subsequently determining the 
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FIG. ft. Effect?* of stable overexpression of cytoplasmic glutathione per¬ 
oxidase and catalase in ItlNmftF insuTnoma cells on resistance 
against H a 0 t in the LDH release assay. A, aontransfected control 
cells; ■, glutathione peroxidase-transfected cells; •, ca.talase-tra.n«- 
feeted cells. Cells wet 1 * exposed to various concentrations ofH 2 0 2 for 
6 h at 37*C in KRBB. Thereafter Lilli activity in the medium was mea¬ 
sured by a colorimetric assay and expressed as percent of Triton X 
lysed cells without exposure to H a 0 a » Data are given as means ± SE 
from six individual experiments. 


fate of the 3-cell, is not yet clear (8,48,49). Assuming that 
genes involved in p-cell damage (e.g., iNOS) do predominate 
during autoimmune attack, overexpression of catalase may 
be away of blocking hazardous signal cascades leading to cell 
death, Through catalase overexpression, it may be possible 
to decrease the SOD/catalase enzyme activity ratio in pan¬ 
creatic p-cells as a therapeutic concept, wiiich would prevent 
the toxic action of many compounds that cause cellular dam¬ 
age through formation of hydrogen peroxide as a result of the 
SOD reaction. 
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